Mutations in the R2 subunit of ribonucleotide reductase that confer resistance to hydroxyurea.
Ribonucleotide reductase is an essential enzyme that catalyzes the reduction of ribonucleotides to deoxyribonucleotides for use in DNA synthesis. Ribonucleotide reductase from Escherichia coli consists of two subunits, R1 and R2. The R2 subunit contains an unusually stable radical at tyrosine 122 that participates in catalysis. Buried deep within a hydrophobic pocket, the radical is inaccessible to solvent although subject to inactivation by radical scavengers. One such scavenger, hydroxyurea, is a highly specific inhibitor of ribonucleotide reductase and therefore of DNA synthesis; thus it is an important anticancer and antiviral agent. The mechanism of radical access remains to be established; however, small molecules may be able to access Tyr-122 directly via channels from the surface of the protein. We used random oligonucleotide mutagenesis to create a library of 200,000 R2 mutants containing random substitutions at five contiguous residues (Ile-74, Ser-75, Asn-76, Leu-77, Lys-78) that partially comprise one side of a channel where Tyr-122 is visible from the protein surface. We subjected this library to increasing concentrations of hydroxyurea and identified mutants that enhance survival more than 1000-fold over wild-type R2 at high drug concentrations. Repetitive selections yielded S75T as the predominant R2 mutant in our library. Purified S75TR2 exhibits a radical half-life that is 50% greater than wild-type R2 in the presence of hydroxyurea. These data represent the first demonstration of R2 protein mutants in E. coli that are highly resistant to hydroxyurea; elucidation of their mechanism of resistance may provide valuable insight into the development of more effective inhibitors.